INTRODUCTION
Faecal contamination of rivers is a major water quality issue in many fast growing cities where population growth far exceeds the rate of development of wastewater collection and treatment (Meybeck et al. 1989) . Despite global efforts during the United Nations Water and Sanitation Decade of the 1980s, improvements in water and sanitation infrastructure have not kept pace with population growth and urbanisation in most developing countries (Mintz & Baier 2000) .
The Subin is an urban river which runs through the commercial centre of metropolitan Kumasi, the second largest and fastest growing city in Ghana, with a growth rate of 2.6% and an estimated population of about a million (Statistical Service 2000) . The river Subin receives untreated waste from two breweries, a soft drink factory, a teaching hospital, an abattoir, wood processing plants, outfall pipes from run-down sewage works and the city's refuse. Downstream, rural and peri-urban communities rely on it for domestic water supply and for watering livestock.
Unlike many developed countries, Ghana has no legislation on permitted microbial numbers in inland freshwater bodies, even though most are used extensively for various human contact activities. The need for higher inland water quality has been recognised by the Environmental Protection Agency of Ghana (GEPA), which is in the process of setting standards that will regulate the quality of inland water bodies. However, the GEPA has set limits for the permitted amount of microbial contamination in liquid effluent discharges to water bodies (GEPA Act 490 compliance of the Subin with internationally recognised water quality directives.
MATERIALS AND METHODS

Study area
The River Subin rises out of a spring at an abandoned racecourse (6 8 45 0 N 1 8 38 0 W) north of Kumasi and runs southwards through the city centre and merges with the River Oda at Asago (6 8 45 0 N 1 8 36 0 W), the site of a rural farming community (Dickson & Benneh 1980 The soils are clayey or silt loams and are described as forest oxysols because of their 'sharp' or acidic nature (Adu 1992) .
Sampling sites
The three main sites sampled on the River Subin were: an abandoned racecourse, which is the source of the river;
Asafo, downstream of the commercial centre of the city; and Asago, a rural farming community which is south and downstream of Kumasi (Figure 1 ).
The source of the river is in a large basin that receives water from surrounding hills. The river appears to ooze out at the Racecourse site in a sacred grove that is not accessible to anybody. It has been suggested that some of the fears, norms and customs that are put in place within African societies act as environmental protection measures.
The sampling point for this study was a spring, which is used by the general public and dries up during the severe dry season (i.e. January to April). The river basin remains wet during this period and contributes to the overall flow of the river.
Two effluent outflow pipes, from the Asafo Sewage System (ASS) and the Komfo Anokye Teaching Hospital (KATH), which discharge into the river at the Asafo site, were also sampled. The ASS outfall pipe services a dysfunctional sewage system and the KATH outfall pipe, a dysfunctional stabilization pond.
Sample collection
Monthly water samples were collected from the Race- 
Enumeration of coliforms
Coliforms were estimated using a three-tube most probable number method (MPN) according to Standard (1992) . Depending on the water type, river water or outflow water, dilutions of 10 21 to 10 225 were prepared in 0.1% buffered peptone water (BPW) (Oxoid CM509) and 1 ml of each dilution inoculated into six tubes containing 5 ml of minerals modified glutamate medium (Oxoid CM607). Three tubes from each dilution were incubated at 37 8C and three at 44 8C.
Methods
Tubes showing acid and gas production after incubation for 48 h at 37 8C were scored as total coliforms. Tubes showing acid and gas at 44 8C after 24 h were confirmed as faecal coliforms by plating on MacConkey No.3 agar (Oxoid CM115) and examining for typical colonies.
Counts per 100 ml were calculated from most probable number tables.
Enumeration of enterococci
A membrane filtration technique was used in enumerating enterococci (Standard Methods 1992). Triplicate 10 ml water samples were filtered through white, grid marked, 47 mm diameter, Millipore HA-type, cellulose filters with a pore size of 0.45 mm. Samples were filtered using a vacuum pump at a pressure of 65 kPa (500 mmHg) and a triple glass filtration unit (Millipore, Bedford). The filters were placed with the grid side upwards on Petri dishes of Slanetz and
Bartley agar (Oxoid CM377) and incubated for 4 h at 37 8C
and for 44 h at 44 8C. Red, maroon or pink colonies were counted as presumptive streptococci. Presumptive colonies were confirmed on MacConkey No. 2 agar (Oxoid CM109).
Counts were expressed as cfu 100 ml 21 .
Biochemical oxygen demand (BOD)
Five-day biochemical oxygen demand (BOD) levels in water samples were determined using the Winkler's method (azide modification) and standard laboratory procedures (Standard Methods 1992).
Health survey
Two sets of data on the prevalence of diarrhoeal diseases among children (0-15 yr), which had been collected over the two-year period preceding this study, were obtained from the Medical Field Unit, Ministry of Health, Kumasi.
The first set was from the Asago Health Centre, which treats people whose main source of water is the Subin downstream of Kumasi, and the other was from the University (KNUST) hospital, which treats people with access to treated, piped water.
Statistical analysis
The statistical package for social sciences (SPSS) was used for testing the various statistical relationships between variables (Anon 1988). Raw data for coliforms and enterococci were transformed by adding a value of one to all scores in order to eliminate zero data points, then each datum point was converted to log 10 . A one-way randomised analysis of variance (ANOVA) was used to analyse the data.
RESULTS
Quality of the River Subin
The geometric mean numbers and ranges of indicator bacteria at the three sites on the River Subin are shown in Table 1 
Biochemical oxygen demand levels
Mean BOD levels ranged between 8 and 419 mg l 21 (Table 2 ). In general, BOD levels increased as the river flowed downstream with Asago recording the highest value at 419 mg l
21
.
Bacterial quality of inflows into Subin
Geometric means (100 ml 21 ) of bacterial contamination of effluent outflows from the KATH and ASS outfall pipes into the Subin close to the Asafo sampling site are shown in Table 3 .
Seasonality of microbial indicators
The seasonal variation in bacterial indicators during the dry (November to February) and wet (March to June) seasons is shown in Figure 2 . Generally, significantly higher bacterial counts ( p # 0.05) were recorded during the wet season compared with the dry harmattan season (Figure 2 ).
Health survey
The prevalence of diarrhoeal diseases was highest in children in the 4 -7 year age group and lowest in the 12-15 year group (Table 4 ). The prevalence of diarrhoea in all age groups was much higher in the patients attending the Asago Health Centre, which treats mainly people deriving their water from the Subin, compared with those attending the University (KNUST) hospital, which treats mainly people with access to treated, piped water.
DISCUSSION
The results of the study show that the River Subin is extremely polluted with faecal material and that the quality substantially deteriorates as it flows from the source (Racecourse), through the commercial centre of Kumasi (Asafo) to the south of the metropolis (Asago). Ideally, the water would be expected to be pristine in quality at its source, but average bacterial numbers were high for total coliforms ( 10 11 ) and faecal coliforms (10 10 ) ( Table 1) and restaurants. The river at Asafo is greatly influenced by point source effluents discharged from the Komfo Anokye
Teaching Hospital (KATH) and Asafo Sewage System (ASS) outfall pipes (Table 3) which are a few metres upstream of the sampling site. Untreated wastewater from hospitals is known to be rich in microorganisms, including pathogenic species (Tsai et al. 1998 (Table 3) and far exceed what is recommended by the GEPA (GEPA Act 490 1994).
A study in Ghana by Salifu and Mumuni (2000) revealed that abstraction of water from rivers is the main source of potable water supply for most urban centres. The third sampling site of this study was Asago, which is a rural community that relies heavily on the river Subin for its water needs. Unfortunately, 500 metres upstream of this site, the Kumasi Metropolitan Authority discharges untreated human sewage and animal faeces from the main abattoir onto an open field close to the banks of the river. The loading of ruminant faeces with faecal coliforms and enterococci is similar to that of humans (Standridge et al. 1979; Yogasundram et al. 1989; Wyer et al. 1994; Kudva et al. 1997; Jones & Obiri-Danso 1999; . In addition, effluents from three major food industries (Ghana Breweries, Guinness Ghana, Coca-Cola Bottling) and over 30 wood processing industries discharge their untreated waste into the Subin close to the Asago site.
The bulk of the city's refuse is carried into the Subin Agbobloshie river in Accra (Biney 1986) . These results are in In developing countries, the incidence of diarrhoeal diseases due to water consumption varies substantially between communities because of varying water quality and other behavioural and socio-economic factors (Esrey et al. 1991) . For example, in south-eastern China, where the incidence of diarrhoea was related to the source of drinking water (Chen et al. 1991) , the attack rate was 0.575 per person per year in those drinking piped water, 0.846 in those drinking well water and 4.580 in people drinking river water. van Derslice and Briscoe (1995) reported that, in areas with poor environmental sanitation, improved drinking water would have little or no effect;
however, in areas with good community sanitation, reducing faecal coliform counts by two orders of magnitude would reduce the incidence of diarrhoea by 40%. In this study there was a strikingly higher rate of diarrhoeal diseases in the Asago community, which mainly uses water extracted from the Subin, compared with the rate in the KNUST (University) community, which uses treated, piped water (Table 4 ).
There are no formal standards in Ghana for inland river water quality. It is, however, instructive to check the compliance of the Subin with the EU Bathing Water Quality Directive (76/160/EEC) (Official Journal of the European Communities 1976) on recreational water quality.
All three sampling sites, Racecourse, Asafo and Asago sites, scored zero passes when measured against the EU Guideline Directive of less than 100 faecal coliforms per 100 ml and 100 enterococci per 100 ml of water, or when the Imperative Directive of less than 2,000 faecal coliforms per 100 ml was used (Figure 2 ). The situation with drinking water is even bleaker. Treated, piped water supplies should contain no faecal coliforms per 100 ml of water (WHO 1993). Ramteke et al. (1992) highlight the problems small communities in tropical developing countries have in meeting drinking water standards and discuss the rationale of increasing the permitted level of total coliforms from 10 to 50 per 100 ml and faecal coliforms from 1 to 5 per 100 ml.
At Asago, where water is abstracted for community use, the Subin contains 1.49 £ 10 11 faecal coliforms per 100 ml, higher even than the worst cases cited by Feacham (1980) for other countries in Africa. The Subin is not unique.
Amuzu (1997) has reported that most urban river sources in Ghana are highly polluted.
Faecal pollution in the Subin is significantly higher in the rainy season than in the drier harmattan season, presumably due to higher run-off rates. This appears to be the situation in several tropical areas where it has been shown to be associated with higher rates of diarrhoea (Musa et al. 1999 ).
This study confirms that the river Subin becomes grossly polluted as it flows through Kumasi and that it poses risks to health for people abstracting the water downstream.
